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Abstract 
Due to the limited construction experiences as well as to the absence of clear and consolidated design 
provisions for design of Textile Reinforced Concrete (TRC), the application of this material in prac-
tice is still very limited. In this paper, the results of an experimental programme are presented, with 
the aim of contributing to generate basic knowledge for development of consistent design tools. In 
particular, tensile tests on single textile strands and on the composite material have been performed. 
The experimental work is completed by structural tests on full-scale composite beams in simple bend-
ing. Finally, the experimental observations of the material behaviour and structural response are used 
to investigate on the pertinence of some simple mechanically-based models, reproducing TRC re-
sponse based upon the key parameters of the material. 
1 Introduction 
At its early developments and in the last century, reinforced concrete was used to build thin-walled 
elements and lightweight structures, as shells or ferrocement laminar members. These applications 
have largely been abandoned during the last decades despite their high structural perfomance. This 
has been motivated both by durability (corrosion) issues and by construction needs. Current codes of 
practice recommend for instance minimal concrete covers between 25 and 55 mm to ensure durabil-
ity. These cover requirements, as well as compacting needs, yield that RC structures are nowadays 
being associated to relatively heavy and massive works. 
A possible approach to reduce the cover thickness to promote the use of light concrete structures 
has been identified by the use of non-corrosive reinforcement materials. In this sense, one of the most 
promising solutions is to embed textile reinforcement grids within a fine grained mortar. This is a 
relatively new composite material, commonly known as Textile Reinforced Concrete (TRC). The 
cementitious matrix is reinforced with several layers of a bidirectional, semi-flexible and high-
performance fabric (carbon, basalt, glassfibers etc.). Currently, many different textile fabrics with 
varying properties are available on the market, giving large freedom to designers. With the potential 
to use various construction (pouring) techniques, very thin structural elements can be produced (gen-
erally with thicknesses lower than 20mm). Combined to the foldability of the reinforcement fabric, 
this composite becomes very attractive when it comes to double-curved structures or folded members. 
Since the 1970’s [1] and more intensively since the 1990’s [2-6], several research centers have 
been investigating the new building material. Despite the previous research efforts, the state of 
knowledge of TRC is not yet sufficient to allow for a generalized use of it in structural engineering. 
Within this frame, the present research focuses on the material and structural behaviour of TRC by 
means of an experimental programme investigating the mechanical properties of a fine grained mortar 
and the fabric reinforcement as well as the structural behaviour in tension and simple bending. Final-
ly, design approaches based on simple mechanical principles are outlined for the design of structural 
TRC-memebers. 
2 Material behaviour 
2.1 High performance cementitious mortar 
For suitable casting of thin TRC elements, the concrete mix requires to have high flowability and a 
small aggregate size. For this research, a tailored mortar mix satisfying these requirements was used. 
The mortar was composed of nearly 40 % binder with low carbon blast furnace cement (CEM III/B) 
and a low amount of high quality micro silica and nearly 60 % aggregate (quartz powder and various 
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quartz sands). The low value of the mximum aggregate size (1.60 mm) ensures the penetration of the 
mortar in-between the reinforcement grid even for higher reinforcement ratios. A very low water-to-
cement ratio was also used (w/c ≈ 0.25) and combined with a superplasticizer to ensure high mechan-
ical performance. The response of the mortar in compression was characterized on cylinders: 
D = 70 × H = 120 mm. At 28 days, an average compressive strength (fcm) of 110 MPa and a modulus 
of elasticity (Ecm) of 31.0 GPa were measured. 
2.2 Textile Reinforcement 
The textile reinforcement is composed by yarns (or filaments) grouped into rovings (bundles of 
yarns/strands) arranged in two directions to create a grid or fabric, see Fig. 1. 
 Fig. 1 Fabric Reinforcement: left, the textile strcure (and typical dimensions). Right, the struc-
ture of the multifilament yarn (and typical dimensions).  
Yarns are made of the pure raw material (carbon, glass, basalt etc..) and have a very small diameter 
(∅fil ≈ 5 – 30 μm), presenting thus high tensile strengths (for instance ffil ≈ 5’000 MPa for carbon 
fibres). Normally, a first primary coating is applied on the yarns (single filaments) in order to enhance 
their mechanical and durability properties. 
 
With respect to the rovings, they are groups of hundreds or thousands of filaments, bundled to-
gether. Due to the large number of binding techniques of the yarns, it exists a wide spectrum of 
rovings with varying properties [7-8]. In addition, a secondary coating can also be applied at the 
surface of the roving or full impregnation of the filaments in order to enhance its properties (e.g., 
tensile strength, bond, etc…). The fineness of the rovings is typically measured in tex: 1tex = 1 g/km. 
Thus the active cross-section of a roving is calculated by means of the material density, as follows: 
ܽோ௢௩	ሾ݉݉ଶሿ ൌ linear	densityvolumetric	density ൌ
ߣோ௢௩
ߩ௠௔௧ 	
ቂtex ൌ gkmቃ
൤kgmଷ൨
 
As shown in Fig. 1, the cross-section of a roving is not completely filled by filaments and consequent-
ly the net cross-section is in general lower than the geometrical one. Rovings are eventually woven 
together to form the textile fabric, that is mostly bidirectional. The mechanical performance of textile 
reinforcement is thus usually characterized by its tensile strength in the two principal directions (lon-
gitudinal: dir.00° and transversal: dir.90°), provided per unit width of the fabric. Due to the fact that 
the tensile response is usually measured on single rovings, the unitary tensile strength is calculated as 
follows: 
ܨ௨,௚௥௜ௗ 	൤kNm ൨ ൌ
roving	strength
grid	spacing ൌ
ܨ௨,ோ௢௩
݁௚௥௜ௗ 	
ሾkNሿ
ሾmሿ  
Within this research project, 13 commercially available textile fabrics have been tested in their longi-
tudinal and transversal directions. The seven more promising fabrics in terms of their mechanical 
properties are presented in Fig. 2, where it can be observed that carbon fibre fabrics (CF) have in 
general higher strength and stiffness than glass fibre fabrics (GF). 
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Fig. 2 Mechanical characterization of selected textiles: test set-up and tensile response in longi-
tudinal (00°) and transversal (90°) directions. 
Due to it’s relatively better bond properties, resulting from an additional sand coating, the 
S&P ARMO-mesh® 200/200 has been selected for more detailed investigations. Further properties of 
this product are given in Table 1. 
Table 1 Experimentally measured, mechanical properties of the S&P Armo-mesh® 200/200. 
Property Long. dir 00° Transv. dir 90° Unit 
Linear density of strand: λRov 2 ⨯	800 1600 [tex] 
Net roving cross-section: aRov 0.85 0.85 [mm2] 
Roving resistence: Fu,Rov 1450 1700 [N] 
Roving strength: fRov 1700 2000 [MPa] 
Roving modulus of elasticity: ERov 230 210 [GPa] 
Grid spacing: egrid 20 20 [mm] 
Textile resistance: Fu,tex = Fu,Rov / egrid 72.5 85 [kN/m] 
 
2.3 Bond behaviour 
In order to characterize the composite behaviour, several pull-out tets on sigle rovings have been 
performed (Fig. 3). These experiments are instrumental to understand the tensile behaviour of the 
investigated composite. In detail, single yarns have been embed in a short cylindrical segment. Within 
the experimental campaign, different embedment lengths were investigated, showing similar results 
(Fig. 3). 
 
Fig. 3 Bond behaviour: test layout (left); specimen dimensions (center); experimental results for 
the longitudinal direction (right). 
12th fib International PhD Symposium in Civil Engineering 
4 Advanced materials 
 
As shown in Fig. 3, the pull-out behaviour can be devided in three stages [9]: at first, the multifila-
ment yarn exhibits a roughly linear response. After reaching the peak bond strength τb,max , the bond 
exhibits a linear softening response until only a frictional bond component τb,f  remains available. 
Furthermore, it was observed that SBR (Styrene Butadiene Rubber)-coated strands without additional 
sand-coating have significantly lower bond properties (for instance τb,max ≈ 1.3 MPa and 
τb,f ≈ 0.3 MPa), which can result in much longer anchorage lengths. 
3 Tensile behavior of TRC 
The tensile behaviour of TRC has been investigated on thin plates that can be considered representa-
tive of tensile zones in a structural member. To achieve a realistic reinforcement ratio, test specimens 
have been reinforced with several layers of the carbon textile fabric, aligned to the loading direction 
of the specimen (Figs. 4 and 5). 
 Fig. 4 Reinforcement layout (left); specimen (center); crack pattern and failure crack (right). 
An instance of a tension specimen tested in this research is shown in Fig. 5, whose respose is charac-
teristic for TRC-composites [10-13] and can be divided into three main different stages: 
 Stage I: Uncracked response, when the stresses in the mortar are below its tensile strength; 
 Stage II: Crack development stage, characterized by an increasing number of cracks develop-
ing for increasing load (or deformation); 
 Stage III: Crack opening stage, characterized by a constant number of cracks in the element, 
whose widths increase for increasing load (or deformation). 
Failure (Fig. 4), occurs within the Stage III in a sudden and brittle manner, and is mainly governed by 
the response of the reinforcement textile. As shown in Fig. 4, Detailed DIC (Digital Image Correla-
tion) measurements reveal narrow crack spacing and low crack openings (up to 0.2 mm) at failure, 
showing good cracking performance for the investigated composite. 
 Fig. 5 Tensile response of Textile Reinforced Concrete reference specimen. Stress-strain curves, 
left, and specimen, right. 
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In Stage III, the response of the tie can be reproduced in a simple manner by considering the experi-
mentally measured bond-slip law and by integrating the equilibrium (second order differential) equa-
tion govering bond: 
݀ଶߜ
݀ݔଶ ൌ ߬௕ሺߜሻ ∙
ܷோ௢௩
ܧோ௢௩ ∙ ߟ஺ ∙ ܽோ௢௩ 
Where URov refers to the perimenter of a roving, ERov to its modulus of elasticity, aRov to the net roving 
cross section and A is an efficiency factor to account for the non-uniform distribution of stresses in 
the filaments of a roving. As shown in Fig. 5, the numerical integration of the elastic-cracked model 
gives satisfactory results.  
With respect to the cracking (Nr) and failure (NR) loads, they can be calculated as follows: 
௥ܰ ൌ ௖݂௧ ∙ ൬ܣ௖,௡௘௧ ൅ ܧோ௢௩ܧ௖ ∙ ߟ஺ ∙ ܣோ௢௩൰ ≅ ௖݂௧ ∙ ܣ௖ 
ோܰ ൌ ߟ஺ ∙ ߟ௙ ∙ ܣோ௢௩ ∙ ோ݂௢௩ 
Where ηf is the efficiency factor of the embedded fabric reinforcement (damage of crack lips on the 
filaments of a roving). 
4 Flexural behaviour 
The structural response in bending and shear has been investigated on TRC linear members. To that 
aim, an experimental programme consisting of two full-scale beams, tested on a 3–point-bending set-
up has been carried out. Similar tests on smaller scale specimens have been previously carried out in 
other research centers [14-16]. The two test beams have been cast in the same formwork, resulting in 
the same geometry in terms of length and cross-section. As shown in Fig. 6, the first beam (BV1) has 
been reinforced with several layers of carbon textile fabrics and was designed to fail in bending. In 
order to avoid a flexural failure, the second beam (BV2) presents an additional metallic reinforcement 
in the bottom (tension) flange. This reinforcement was composed of seven, high strength, stainless-
steel corrugated bars. 
 Fig. 6 Cross-section and reinforcement-layout of tested beams. Beam BV1, left: reinforced with 
fabric reinforcement only. Beam BV2, right: fabric and additional concentrated bottom re-
inforcement. 
The flexural response of the tested beams, in terms of moment curvature at mid-span, is shown in 
Fig. 7. Beam BV1 failing in simple bending at mid-span at a moderate level and beam BV2 failing in 
shear (web-flange delamination) before attaining its maximum bending capacity. In fact, the higher 
bending resistance with respect to BV1, is to be attributed to the metallic reinforcement in the bottom 
flange, which presents a significantly larger cross-section than the textile (As,l>>ARov,l). 
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 Fig. 7 Three-point-bending test set-up (right). Measured and calculated structural response in 
terms of moment curvature relation at mid-span (left). 
Consistently with the behaviour in pure tension, a narrow crack pattern could be observed for both 
beams. As shown in Fig. 8 (pictures at 99% of the failure load), several closely-spaced bending cracks 
developed for beam BV1, whereas a typical shear crack pattern, with inclined cracks developed for 
beam BV2. 
 Fig. 8 Measured (DIC) crack patterns (principal tensile strains, ε1) close to failure of the ele-
ments in the three-point-bending test. Beam BV1, top. Beam BV2, bottom. 
In order to determine the resisting bending moment of linear members (MR), the brittle nature of 
fabric reinforcement needs to be accounted for. In general, the fabric (and metallic) reinforcement 
might be distributed at different static depths. To account for the contribution of each layer (i) on the 
bending resistance, the stress in each layer (σi) is calculated by means of the Bernouilli’s assumption 
(plane section remain plane) and computing their corresponding lever arm (zi). Failure is reached 
when the fabric reaches its maximum strength (σRov = fRov) or by steel yielding (σs = fy,0.2): 
 
ܯோ,ோ௢௩ ൌ ෍൫ߟ஺௜ ∙ ߟ௙௜ ∙ ߪோ௢௩௜ ∙ ܣோ௢௩௜ ∙ ݖோ௢௩௜ ൯
ோ௢௩
 
In addition, due to its limited deformation capacity, the contribution of textile reinforcement can be 
neglected in presence of an additional ductile reinforcement. 
 
ܯோ,௦ ൌ෍ ൫ ௬݂,଴.ଶ ∙ ܣ௦௝ ∙ ݖ௦௝൯௦  
Differently to bending, the shear behaviour in terms of failure load and kinematics is more difficult to 
reproduce. Numerical tools can thus become very helpful when it comes to understand a flexural 
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problem governed by shear. To that aim, it has been used in this research the Elasic-Plastic Stress 
Field approach (EPSF [17]), consistently used to investigate failures in shear in structural concrete 
members [18-19]. To apply this technique to TRC, the behaviour of the textile has to be considered as 
perfectly elastic until failure, whose limiting strain can be derived from the uniaxial tension response). 
This approach (Fig. 9) yields consistent results and is a promising approach for modelling of TRC 
cracked elements. 
 
 Fig. 9 Beam BV2: measured (DIC) crack patterns (principal tensile strains, ε1), top-left; inclina-
tion of the compression field (principal strains ε3), top-right. EPSF-model of the symmet-
ric structure (compression field and reinforcement stresses), bottom. 
5 Conclusions 
This paper presents the results of an experimental programme designed to allow for development of 
consistent design tools for Textile Reinforced Concrete (TRC) as well as some potential modelling 
strategies for this material. Its main conclusions are: 
- The bond conditions of the investigated TRC ensure low crack spacing and are associated to 
limited crack-opening for the tensile zones. Consistent modelling aproaches have been de-
veloped to characterize members in tension accounting for equilibrium and compatibility 
(bond-slip) conditions. 
- With respect to bending on beams only reinforced with textile fabric, the strength is gov-
erned by the tensile strength of the TRC and failures happen in a brittle manner. A manner to 
enhance the strength and deformation capacity of beams consists of combining TRC with 
embed metallic (stainless steel) reinforcement. Consistent design methods can be used ac-
counting for equilibrium and compatibility (Bernouilli’s) conditions. 
- Shear failures have a more complex nature, implying different potential phenomena, such as 
textile rupture, flange delamination and concrete crushing. The use of Elastic-Plastic Stress 
Fields (EPSF) as a general frame for modelling of TRC elements is a promising approach, 
accounting again for the equilibrium and compatibility conditions of the material. 
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